ABSTRACT
INTRODUCTION
In recent years, MODFETs (Modulation Doped Field Effect Transistors) or HEMTs (High Electron Mobility Transistors) have been developed because of their very high switching speed, low power consumption and relatively simple fabrication technology. The HEMT fabricated in AlGaN/GaN materials is most suitable for high power, low noise, high speed, good stability and high temperature microwave devices. The use of HEMTs is increasing in many microwave circuits and systems because of their high frequency and high speed response. The pseudomorphic high electron mobility transistors have shown excellent microwave and noise performance and are very attractive for millimetre wave and optoelectronic applications [1] [2] [3] . Recently, pHEMTs have shown superior performance at microwave and millimetre frequency range. pHEMTs have also demonstrated excellent performance, both as microwave and digital devices [4] [5] [6] . AlGaN/GaN HEMTs have emerged as a strong option for high power application owing to their large band gap energy and high saturation velocity [7] [8] [9] . The presence of strong polarization (spontaneous & piezoelectric) fields leads to the enhanced performance of these devices. The polarization charges, the conduction-band discontinuity and mole fraction are the important parameters that affect the sheet carrier density at the interface. An increase in aluminium composition in the mole fraction of AlGaN/GaN pHEMTs increases the density of the two dimensional electron gas and electron lie more closely to the interface. The additional characteristic features of the AlGaN/GaN material that lead to excellent performance of GaN-based HEMTs are large breakdown field and high thermal stability [10] . Along with advances in HEMT fabrication, large number of analytical and numerical models has been developed [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . These models are helpful as they provide good insight into the physical operation of the device. But, they normally require some simplifying assumptions to obtain the sheet charge density of 2-DEG. The present model is developed by solving the two dimensional poisson's equation and the parasitic resistance. This model is then used to derive the small-signal parameters namely transconductance, drain conductance, transit time and cut-off frequency of AlGaN/GaN pHEMTs, including the effects of spontaneous and polarization fields. The 2-D analysis of the device has been carried out in the saturation region and modified expression of device transconductance and output conductance has been given. The results of the proposed model have been verified with the published experimental/ simulated data.
THEORETICAL CONSIDERATION
The basic structure of AlGaN/GaN pHEMT considered in the present analysis is [11] as shown in figure-1. The total polarization induced charge sheet density is given [10] as:
Where P SP =Spontaneous polarization of AlGaN and GaN layers resp. P PZ =Piezoelectric polarization of AlGaN and GaN resp. In the above expression, it has been assumed that the GaN layer is fully relaxed. This is reasonable assumption since the thickness of GaN layer is much larger than that of strained AlGaN layer. Thus Ppz=0. The total amount of polarization induced sheet charge density for AlGaN/GaN heterostructure field effect transistor is obtained as:
Psp(GaN)=-0.029 (5) a (m) is lattice constant, e 31 (m) and e 33 (m) are piezoelectric constants, c 13 (m) and c 33 (m) are elastic constants respectively.
CURRENT -VOLTAGE CHARACTERISTICS
The drain source current in the channel is obtained from the current density equation and is given [15] as:
Where z is the gate width, T is temperature, K B is Boltzman constant. µ(x) =field dependent electron mobility and is given [11] as:
Using equations (1) and (7) in (6) and on integrating using boundary conditions
Where Rs and Rd are the parasitic source and drain resistances respectively. The I ds -V ds equation for the linear region is obtained as
Where
At the onset of saturation, the carriers get velocity saturated, and the electric field attains the critical value ‫ܧ(‬ ). The current in the saturation region is obtained as
The saturation current can also be obtained from equation (10) by replacing V ds by V dsat . The drain saturation voltage V dsat is obtained by equating the two expressions for I dsat due to the current continuity between the linear and saturation region as by equations (10) and (17): 
SMALL SIGNAL PARAMETERS
The small signal parameters (drain conductance, transconductance, cut-off frequency and transit time) govern the current driving capability and are extremely important for estimating the microwave performance of the device [11, 12] . The small signal parameters have been modelled in terms of basic device parameters and terminal voltages to give an insight into device performance and serve as a basis for device design and optimization. 
By substituting the value of trans-conductance from equation (26), the cut-off frequency can be evaluated.
(d) Transit time
The transit time effect is the result of a finite time being required for carriers to traverse from source to drain. Smaller transit times are desirable to attain a high frequency response from a device. The transit time for the AlGaN/GaN pHEMT is evaluated as
By putting equation (27) in equation (28), transit time can be obtained. Figure 3 shows the peak value of transconductance which occurs near the gate bias at which the 2-DEG charge density reaches the equilibrium value is 159mS/mm at a gate bias of -1V. The high transconductance may be attribute to the improved charge control and better transport properties in the GaN based HEMT. The decrease in transconductance at higher values of V gs occurs, because with the 2-DEG density approaches the equilibrium value, the current density no longer increases proportionally with the gate voltage. The results of the model are in close agreement with the experimental data. The proposed model is valid over a large range of gate lengths and widths and is thus highly suitable for device structure and performance optimization. Figure 4 shows the variation of transconductance with the drain saturation current. The transconductance increases for smaller values of current and then saturate to peak value of 165mS/mm and a drain current of 220mA/mm. The results are in close proximity with the experimental data which confirms the validity of the proposed model Figure 5 . Variation of cut-off frequency with gate length Figure 6 . Current gain cut-off frequency with drain voltage Figure 5 shows the variation of cut-off frequency with gate length. Ft falls sharply with an increase in the gate length. As the channel length is increased, the electron transit time through the channel also increases, thus causing a reduction of the frequency. A high cut-off frequency of about 122GHz is obtained at a gate length of 50nm. As compared with experimental data, cut-off frequency increases with the decrease in gate length. ̶ Present Figure 6 shows the variation of cutoff frequency with drain bias. The cutoff frequency of about 5.2 GHz at a drain bias of 40V is obtained for the present proposed model, which indicates its higher microwave power ability. As the bias voltage increases, the cutoff frequency exhibits a slight increase. The results confirm the validity of the proposed model. Figure 8 shows the variation of cut-off frequency with drain current density. A cut-off frequency of 9.5GHz is obtained at a drain current of 185mA/mm. when drain current is low, transconductance is low and hence cut-off frequency is also low. And when transconductance is high means drain current is high means cut-off frequency is also high. The results are in good agreement with the experimental results. 
RESULTS AND DISCUSSION

CONCLUSION
The proposed model is developed for the 2 DEG sheet charge density which is the most important parameter in characterizing and evaluating the performance of AlGaN/GaN pHEMTs. The model is developed for the I-V characteristics and small signal parameters of an AlGaN/GaN MODFET taking into effect of strong polarization effects. The model also shows the potential of AlGaN/GaN pHEMT as a future candidate for high power, high speed applications. The model can further be extended to obtain the device capacitances and noise characteristics.
